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1 

[»*rtt#*>Jfiffl] 

lWES»«<0tf« = - >> ^ O^ti^coy^ vSrfi 

7y?<Dmffi&mm u fflEAAtfWi-^BftE*'*^ 
WEsa 3 ~ f^ h^^^sM^**^ 

* iWEusa^tRa- f^ s> ^©^n^^bitt 

^■ti:S:«5R+5IRIc, fflEA**7*«#£l»fi*iU^ffl 

ffiig(S=»— F^ yirt*h^ibfeihbifr1zfttoM.l&*~ F 
h/KZ>R*t*raWU tfiEAA*)** * £?riE*^ 

?1xti>h^itol£ibbti1z1k<o : £ma-- F-^ h/K0fil*i 
^51fcbL, fifJEA^Fff^fttJE;*^ 

F^ h^t^Rtt^^A^^tRf-^^u— A^Rft 



(2) M?5- 2 1 6 5 0 0 

2 

-3- K"/s^ £ t>-oBf#U lWEtfR*- 

l»3RJB 1 E«^*^flF#fliKB. 

fiSH"'** h^J: 0 t*y hSfcro*****^-^ 

[0 0 0 1 ] 
[0 0 0 21 

Manfred R. Shroeder 
andBishnu S . AtaltC «fc S " CODE- 
EXCITED LINEAR PRE-DICTIO 
N(CELP) : H I GH-QU AL I T Y SPEE 
CH AT VERY LOW BIT RATES" 
(Proc. ICASSP, pp. 9 3 7 - 9 4 0, 1 
9 8 5) tm^tz^X (Xffil) tcE*£*lT^5CE 

J0 tSCEL P#5££ IT, W. B. Kleijin, 
D. J. Krasinski and R. H. Ket 
chumtlj:^ "IMPROVED SPEECHQU 
ALITYAND EFFICIENT VECTOR 
QUANTIZATION INSELP" (Pro 
c. ICASSP, pp. 1 5 5 - 1 5 8, 1 9 8 8) 

y^^^rft^CE L P^sttt, -^F»7i/-^l: 

^ft-t^aS^K*^ h/H:^{c:"r5fc*!><7>SL«r 
d^ftS^Ra- K^y^Sr^TL, 7i/-i^^^^{c^ 
»Ii]Lfc*^^-Afe(cfl9EA*ffFft-8-^ai^3--K 

I, &tc, fl1iEA*ft #^S9E31«$nfc5iJ«S=»- K^< 
[0 0 0 3 ] 



3 

K s> ? * 5 W J: WE* JK 3-^^«:R*t 

Ntfc«r#6^i:^T-#So Stic, 8kb/sEJLTOffi 

[0 0 0 4 ] Ji»UfcBSJB*:*P»L, 
£8W4^r»*fifcJ: !? 8kb/s EJLTr*«<z>&# 

[0 0 0 5 ] 

EHfta^tfiRa- F7s> ^©*ft^h,©y>r 

#r«5t£j;!3 ^SS*'** hA^7;*-^£££H s Tl!frE 
aJtS*- KVs>^^^£^b;ft,fcgcoaj£3~ K-< 
* h^fti^lUil, iWEAAWFfi-S-fcWE*^ 

ti^fe^i«)^«)b*ifc«:<o*«3- F^ h>MZ>S*i£ 
IWU MEA**^****^*'** h;u/<7^-^ 

miEstbsnfc** 1 *^- f^* h^^oRii^**^ 

U"-*o«FK« ^£M&'r6 3 - F-^ h/u 
officii: S:5StR1-S d £ -f So 

[0 0 0 6 ] »2 0«WJcJ:Sff^a : -g-{liJSfil4, 

fitJEA^Fff^;*^ h/i^7*-*«:# 

olfia-Kyj'^i, MEA*tf^«*^Ib»ffR£ 

Eo « II % ~ i0Dsadll 2 
[0012] ::t?, z(i, «Bfi^f+ttA*«*J&>fe 

#B«*£5U x fcfflN§-, sa d 14, SJld^iSJESa- K 



(3) M?5- 2 1 6 5 0 0 

h/Hc^b1-Sfc4?>^1S»«w*»3- s> 
WEajcS3- F^s^&WcflElg&a^i 1 ^ 

^7U"AntcmE®^3" K-/ s>^ twiEafta^ff 

fc, fflEA**M*^tWE*JS^i(l»«f«^J:!!>3e* 

tmESttj^tifcajESa- F^ h>>KZ>ft*i£*:fflv N T 
WE«««offjK=i- F^s^^ix^^fc^fcSfc 

fcWE^^^ h^/^^-^^fiEy^ ^3 

-K^y^i:S:ffl^rmESHJ*ti3tajES3-'K'<^ h 
;K^^M^fJE31W^n^^ : i 1 M3- F-^ h/i^tf>R 
tt(D*3&>feStt*y7^-AO»«fS*«r»ja-t-S3-- 

^ [0 0 0 7 ] ®3O^0J{cJ:5^F^^^mi4, mi 
£>«g|lilc*3^T, tftEtHSSoffiKa-- s/^o* 
tc, fc^-r^e* hftJcDfces' h 

^-/^-3^ K^iy^d^^^ibixfc^^^^^iiffl-r 

[0 0 0 8] m4 0^PJ / Lj:S : i 1 ^^g©l4> f 2 

^ tc, h*i t? fe^y 

= - K^s'^^ / >^< i:fe-o^f#L, SftE*« 
- s^ ^ ^ btifcftwSiSrlffit 

I4*K*-/*- =» - s/ ^ ofttttctS Cr RM^r^tH 

[0 0 0 9 ] 

^ [ooio] 

[0011] 

(I) 

^$:^-r a ajESa— k^<^ h/K^ii**ay^^e 

[0013] 
[«2] 



(4) 4#H¥5- 2 1 6 5 0 0 

S 6 

- <^> Sftd) ^2) 
0 ~ <sad> sad> 



[00141 (1) 5UcftALT&5C£f# [0 0 15] 

£ 0 1*31 

ii n2 <s> sa d > 2 
Eo=s llzll '"-<sa d , sa d > 



(8) 



(5) 



[0 0 16] (, > \$ftffi%&-fo K^<^ h/KZ>S1fS:StR1-S ft 

[0017] »l*KfcL 0 ffloaJCSa- K^* h i<7 [0018] 

/U*/r(C#Lr, &*>R»CEi 3ft«/h$^)H(CLi f®<£> [»4l 

Ei « Hz a - rose | li 2 (4) 

[0 0 19] [*5] 

[0020] vo li, WiffK*- F**? VtwwkML [0021] tlot, 

zatt* za = z-j3o sad"?*? [0 0 2 2 ] 

6. 1*6] 

_ <xa, se|> 
r ° <se \, s e ] > 

[0 0 2 3 ] (4) ^IcRALT&^&ft [0 0 2 4 ] 

5. 1*7] 

B i - IUa||2~ y <3C ' | Sel> 1 t < 6 > 
<scj, sej> 

[0 0 2 5 ] ^(c31l^tlfcL 0 ffl<Z>SJS3- hfr [0 0 2 6 ] 

*oRi6E2 #>h£i>««£L 2 ffl*>«2 [ft 8] 

E2 = ha - ^ose^ll^ (7) 

[0 0 2 7 ] I»9] 

[0 0 2 8 ] do »2*«3- F^ h^OiS** [0 0 2 9 ] 

jBy^^r*^. ^ot, [»10] 

<za, se?> 

So « . 1- (8) 

[0 0 3 0] (7) 5C(cttALT&*;£# [0 0 3 1 ] 

<sef, SC;> 

[0 0 3 2 ] SRStifcSUSa- F^ f^KZ> * £ ft 6 SUt^ai-a-fr £ 0 

3S«£ftfc»l, 2*«3- K^<^ h/H7>«M [0 0 3 3 ] 

Ofi^tiric^Lt, &co^E£ffgLT\ Etfft [*12] 

50 



(5) 



<&ffl¥-S- 2 1 6 5 0 0 



E = II z — 0sa,i-rse| - Sse^ll 2 

[0 0 3 4] ZZV, 0. v. 6li> ZilWxM&a- [0 0 3 5 ] 

F^n/K f 1, 2*iR3- K-<? f-/K&ian#*iSy I»13] 



(10) 



« R~> 



<z, se}> 
<z, saf> 



(11) 



R 



r <sa<i. saaXsad. sej><sad. se?>^ 
<sej, sa d Xse|, sejXsej, sef> 
^<se^, sadXsef, sejXse?, sef> ; 



(12) 



[0 0 3 6 ] (11) St*. (1 0) SfcfcftALT. & [0 0 3 7 ] 

St&^S,, 1*141 

F, = Ilzl|2 - (<z, sa d >(z. se}} (z, se?>) R" 1 



[oo3 8] jiroesESrfust-rsis. *tB3 

E - 



r <iz, 3aj>1 
<z, se]> j 

l 

(13) 



14, 5«-45o 
[0 0 3 9 J 
1*15] 

' <z, sad) \ 



llzll 2 -(<z, sa d ><zpsel + se?>) R~« f w " T^.J 



R - 



(14) 

<sad, sad> <saa, se| +sef> ^ 



(13) 



40 



[0 0 4 0 ] S2 <D%m\Z. X 5*]*»#{fc8«<OfMJ£ 
[0 0 4 1 ] g«£ix:fcj8JEfi: = '- h/KOft*t£, 



3- K-<^ h/^r^o^-tir^rtc^t, &0>R*E 

[0 0 4 2 ] 
1*16] 



[0 0 4 3 ] (Q0k»Qvk.Q5k)!*> — h/i^<7> tOfli/j: < , ^3- K"<^ 

[0 0 4 4 ] (Q J3k , Q Yk , Q 6k ) t LT, y-f 50 £l*fi#£* 1 , 2 #K = - K^* h/i^S^tf 



9 

rE«:tl-»Lr*/hffiS:SS+Sicli, **(c#<o* 

fi^t o*^^g«> bixfcfttf (t StR-T 5 w £ \z «t 9 fir 
[0 0 4 5] *3(7>««tCj:5*^flF#^3S«^ffl* 

m<ommt* m i<?>%w tmmxhz* uti^-K 

y^5/^*<7>34^F 2 (i) T-*£*l5* 2 

X\ K^s^Ji* fci£-r-<i* fc'y h^J: D 

io%mtmm\zLx, ^m<Dm^±x<D^h, Mc 

[0 0 4 6 ] m4O^0J(cJ:^^F^ : ^^^(7>^^ 

h/^iif^>fj/^ i {zfotXifej£$tlZ> 
f F 2 (i) ■C**Jx5*2ff»^» 

tc, *2a>*si!£H«tcLt\ R*<z5ffi-fr-££T£>*j&» 

iffJRa- K^* h/nz>S*fi: F 2 <i)T?*£*u*» 
2 = - K^y ^<0-^<D*<7^2 : g 1 j^:3- 

» 2 t mm\^ lt5i^ ir t> a^. 

[0 0 4 7 ] »l^t?4*r-(7>*SfC*5^r, 

HJS^-K^^ h/^*l, 2^3 

[0 0 4 8] 

lUffifll] ffiB&flswfcfc, 2«co»«3» K^s^KJ; 



(6) M?5- 2 1 6 5 0 0 

10 

[0 0 4 9 ] Hitt»i(Z>**lcJ:S*F«F*{liSHlff> 

^100^^71/-^ (#J*.li, 4 0ms) aid £91 £ 
nfc^F{f^£A*>U »»^SIiMrIsIi»l 1 0 t-9-f 

7\s-j*ft%m&i 2 o^w^-rso ttje^f j»ij>«Tis]i» 

1 1 or-, *i»^ffl£*rS:m\ x*<? b;i"<7*-* 

fe, »*fttf 1 3 0 &»Bflr«ttg[ilE&l 4 0 

tm&=z- \?-7 * ? mwm$i\B\& 1 5 0 £*iip«3- 
70 MSfRnei 7 0 ^^^^^1/^^-2 3 o^ttiA-rs. 

^y^U-^^I'jlHlS&l 2 0^i^ibf-^7U-^^ C^'Jx. 
Ii8ms) (C^W^nfc^ft^Sra^W-tt^-f/u^ 1 

3o^*L, matter 7 f/t^ 1 3 or-ti 

1 5 0 tmi^m^- \*7y?mmm«im»i 6 0 
^s^aatHs^ 1 o^mtii-Zo mi&^-y-fy? 1 

REIKI 5 0^ffla+5. = ~ K^y*«i*t»«fHl 
Kl 5 (3) ^tC^oT, SUfia — K-<^ 

6 o^m 2*r=i- Y-fy ^mwm^mi 7 ot&m 

ffi-&-frJ83fl[HlB2 0 o-iBJSa- K^<^ h/K^^M^S 

a- K^s/^SI«S«lHllSl 6 o^aA-rs. I lti 
3- Y~f y 2 IhI K 1 6 OT'lt HSI^ K 

i[is&2 o o-*i ^^3- pv<^ b^<Dm^M^n 

^^^190^^, *2*jR3- K-<^ h^**2 : ffR 

h/K7>«1f* (9) 5C(cJ: OIBU 
mass 2 0 o^mz^m^- K-<^ h/UO^ffioa^ft 

@i»2 o or-ii, Ci4) itfc^or, *jB&««^ffi 

hyKD^r V-r y $ * \sp f 2 3 0^, 

^^j^^lH]£S2 1 O^mtl-fZo y>f>3-F^^2 

^J£5£[hI&2 1 O-ttl^^iX^o ^ya-h^s'^S 
^[Hl£&2 1 OXtt. MftW^a - K-<^ h^36i»* 

;^u^t2 3 o^^iiSo 
[0 0 5 0 ] HttS 2 osswc J: 

mmmzTF-r?* y?mxhz>o Hic*5^t\ a**^ 



u 

3 0 05i^7l/"A (ff'J*.!*, 4 0ms) ££(C#i"]£;h, 
fcffj*«-&S:A*U j»»^ffl»«flHlK3 1 0 £1^7 
l"-A£S'H§J!i&3 2 0^ffl*1-6o I6^ill»*rllll»3 

Sr, tfrttfiy-ifr* 3 3 0 fc#»«-*«»la]tt3 4 0 

K^y^«Hia«0«B3 6 0 i:f2$I^ Y7yt& 
*ftatRfHl&&3 7 0 i-7/^^^t4 2 0^ffi*-f 5. 
f*y7l/-A^f'J[HlSS 3 2 036^*^7lx-Aft m± 
H8ms) {C»W*tLfc#^«#*a^«-tt7-r^^ 3 
3 0^ffiAU l^Wtt7^/^ 3 3 01?li, BWi* 

»MKM+tfu *»**j«»iHii»3 4 o^w*-rs, 

*Bf»*«WlsI»3 4 0r*l^ftfl(7>^-/7 l^-^i&^Ol 

SS3 5 0 F^y^««3aiRiaK3 6 0 ^ 

I2fl^ K^y ^«e«StR!iIK3 7 0 t V << >^ 

&E&3 5 oriL (3) 5UcftoT, HlS = - 

K 3 6 0 £ jR 2 tfRn - K:/ s> * «HtSK0tt 3 7 0 i 

>&^*s&£i£issfia»4 o o^aus^- k-^ 

h/^llfln - K^s/^««3S«Hil»3 6 0^W» 
■fS. K^y^R1*S«lilSS3 6 ortt, 

Iltl^-K^^ h/K^«lfSr (6) xUc£ t>Stt 

3 7 0^M5o *2t»=«-h^^RlSRi» 
3 7 on*, I2§i=i- K-^ h/u©«s*!& (9)3; 

13 ft 4 0 0^tii^^n6 o y^yfc^ft«»£-£«S![I] 
^4 0 0^11 (16) 5ttC«£oT, *»fcSS*t<Z>ffi'fr 

f7u^t4 2 0^*1* 5, 

[0 0 5 1 ] H3li»3(7)3gWtcj;S»^«F#<kK«<Z> 

^5 0 0^b7U-^ (tf'Jxif* 4 0ms) &{C#i'J£ 

7 u-^5>»Jlsis65 2 0-tb^-T5o afl^*rlHlll5 
5 1 or-, <*flHPM£Sr£ffi'\ x*<9 Vt\"*7*—9 
S*tttt7^A^ 5 3 o EI 85 5 4 0 



(7) ^i¥5 - 2 1 6 5 0 0 

12 

£*S=>- K:/ y *§Mfta«EI!i&5 5 0 fcftl^Ra- 
K^y ^RMaiRlHl»5 5 6 0 £»2*«:3 - 
ffia^Eft 5 7 0 ^^^^^1/^^-6 3 0^ttiiJ-t-5o 
1>-y7U-^#§ijtH]ft5 2 0*^*^7 U-A* (W*. 
Ii'8ms) tC#»$;h,fc#Fm ^ZM^ttV 7 4fr*S 

3 0^tti#u JwM+tf7-r /u* 5 3 orii, *J*ft# 

U ^SfH^«»tHlS& 5 4 0 -ta*-r 
& 0 *B«*«»ia»5 4 0r-ttffiW* , /7U'-A3&^ 

70 tRIDftS 5 0 bmi%m=*~ K^y ^^^^©^5 6 
0 tl2tln- y^R«atREl»5 7 0 t^> 

^ 5 7 513, SUSa— h /uSrigJES = — y $ 

SRUISS 5 on*, (3) sttcfifcoT, HiS^-K^ 

0^5 6 0 i:|2fl3- K^s'^«H*SKIall8S5 7 0 

^ Y~? y $ 5 8 O^btt, SlffjRa— K"<£ h^lB 

l*Ra- K^y^«l1ia«lall»5 6 0-.£ti^£JxSo 

Rn-K^^ h/KOSHtfc (6) SttCj; OSfctJU ftfl 
ifi£ii:R5R[Elft6 0 0^1 ltl^- h/K0«*t 

— a — KVy ^ 5 9 0M yf y ?x<Vfy&ktitl 
fS e » 2 = - K^y ^ 5 9 0*Tli, 

Ltf lfl^-F'^^ h^^-f ^tcjscr* 

fS^2»»3- K^y ^R«aKiI8&5 7 Ofll ^2^ 
In^-F^^ hA-of|;fi£ (9) Stct^Sfflb, SiS 
ffi-&-frHS»lsI^6 0 0^2t|3- h/nz?ft}i 

£-&mm®$&6 o or-ii (14) ^tc^or, &mte 

3 O-ttl^^ixSo 
[0052] H4ii*4(?5l8W{cj:s : 8 1 ^«F-g-ft:KB(Z> 

T-7 0 0A^7U-A (fif'Jx.(i, 4 0ms) StC»#J$ 

nfc«^«-g-&A*L, <»^ay»«fiHi»S7 1 0 

7U— ■ -A5>f'JlHl^7 2 O-fcti^-fSo jB»fW»«flHll» 

5^ 71 or, $^ifj##r&m\ 7,^^ 



(8) 



13 



J*fi-tf7>r/l^ 7 3 0 fc#B«*«*lH]»7 4 0 
tiifiJESa- K:/3>*«e*t*RlHl!fc7 5 0 fcJSitfKa- 
Kyy^Rtt»*RliIK7 6 0 tm 2*iK=i- Vfytm 
*IBR[|]|&7 7 0 tv;l/f^l/^8 2 O^fcti^-f 6* 

t"-A£»llaIi»7 2 0*^*^7 U"~*ft ({fij*. 
If8ms) Jc»i"J*nfc*^«-g-*:S^#rt7-f^^7 
3 0^Bl*l, IWM+tf 7 3 on*, »^«# 

U J£Bflr*tftglslB7 4 0^ffl*"f 
6, «B«#«3tliK7 4 0r-ttfl^^^7U'--JU^6 

7 5 0 tmi^M^- K:/??«*5iiRtHlK7 6 
0 fcStZ^Ra- y^R*ai«lil»7 7 O^^-f V 

a^*5Bffl^ai*iitt8 o o-m^-rso a^-K 
^«ytsK@ii»7 5 o^aAi- 6o ajffia- K^y^R 

*faHRl]»7 5 OT?tt, (3) ^(CfifeoT, SSJSa-K 
4R!hIS& 7 6 0 tl2Sl3- K7 5>*RlM«i!i»7 7 

o ^y>r ^a^*a«i-e'^«*iHii»8 o o^jBjs=- k 

6* K^.y^ 7 8 oa><btt, mitfR^- 

K-^ h^Il^I^" K7^*«*IS«[e]B7 6 0 
(Cffi*£il5. Sltl^" K^y^R«S«ilII»7 6 

om sifi=>-F^n^oiK (6) skkj: 

<sei, sej> ™ hh(0)eei(0) + 

[0 0 5 5] fc*TU hhlS, a^tttt^ 7 -f /U* (7? 
-r>^/^JCS*^aB«B8BB«, eei (*, ^>f^ 

[0 0 5 6 ] tit. *« = -K^<^ K/t^a^tttf^ 

<u, se i> ~ <H T u, e i> 

[0 0 5 8] fcfc'U HI*, a^#(t-&fi»7-f^^tf5>r 

[0059] h^oa^wtt'&jaflr* s 

<w» sad> = <H T u. aa> 

[0 0 6 1 ]»1, 3tf5*W(C*5^r, 
M^ZOO, 3 0 0T-*iS4ili'g"t3:S:jSI«+SI», ftffl 40 

[0 0 6 2 ] 12, 4^3§WC*5^T\ y>f>ftiSffi'& 

», ^fflo*r*jiSLfcJ;5«-, (QJ3k . Qvk , Q 



4*H5P5 - 2 1 6 5 0 0 

14 

O^fciJU y^v^^^iS^-&^^iH]^8 0 0<^fgl 
ffRa-K"^ hAOfm^a^tttf^J&fi^^^ 
y^7£, *2f^-/^3-K^s'^ 7 9 0^>' 

^79 Ot-tt, AAtfcKlfSa- K-<^ h^O-f V 
7 s v t * lc jtS £Tft5t £ *i 6 -r y x sx ^ * £1^0^ 2 * 

7 7 0^M5 6 S2SI3- K^s^fiMtSKRIiB 
7 7 ot?tt, |2ti|3- K-<^ h;nz>RMS: (9) * 
icJ^iitbU y-T y&*ft8ffl£*««iaiK8 0 0^ 
*2*«a-K'<^ h/K^^^a^ft(t^^(f-§-^^ 
yxy^&fcii^-f 5, > = - K^y^ 8 1 0fi*h 

ii»8 o o^m*Sjh,3 0 y>ry&^ft»ffl-&-£«*iHi 
S8oom ci6) iCic^or, mm^m^om^ 
■£&ssru m&=t~ h/^t i , 2^^-k 

5^7 P U^^8 2 0^fflA + So 
[0 0 5 3] «l3&*6 4*r-<D«S(C*5^r, 

[0 0 5 4] 

[ftl 7] 

1 jn 

2 ^ hhd)eej(I) (17) 

[0 0 5 7 ] 
[»1 8] 

(18) 

[0 0 6 0] 
[*1 9] 

(19) 

[0 0 6 3 ] 12, 40««{C*5t^r, 

5R IS K4 o o, 8 0 ot l *iB*«'&-<i:*r«* 



(9) 2 1 6 5 0 0 



i c; 
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10 0 D 4 J ^7w, ^ 1 ZJ^b 4 3: <w v^-9e^H^-4ov ^ ^/ 




2 10 


✓ 1 *r 1 / y s j/r* u-j i**tj 


S / \s <i-\ iif \\— „ JUsl/ , L > — 1 I / 1 / ^ C -Li H t/r. 




2 2 0 


pry 


*-~ p ^ / p / / 1 — 1 1 / 1 / *^ G. it?* ' l/V All V. 
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